Iatrogenic gastric distension and subsequent rupture following nasal or nasopharyngeal catheter oxygen delivery is a rare but life-threatening condition that requires urgent laparotomy. We report two cases recently encountered at our institution. Both patients exhibited symptoms of abdominal pain and distension following oxygen delivery involving a nasopharyngeal catheter during procedural sedation. Oxygen flow rates were 4 l/minute in both cases. The diagnosis was made by urgent imaging. Both patients survived following laparotomy and repair of gastric rupture. Seventeen cases have been reported previously in the literature. We recommend avoidance of nasal or nasopharyngeal catheters and the use of alternative oxygen delivery methods such as nasal prongs and face masks.
Gastric distension and subsequent rupture can occur for a number of reasons. It can occur spontaneously 1 , but is often associated with other disease processes ranging from asthma to malignancies of the stomach [2] [3] [4] [5] . There is also a clear association between gastric rupture and direct chest or abdominal trauma [6] [7] [8] [9] [10] [11] [12] [13] [14] . Even without application of external force, sufficient gastric distension can result in gastric rupture and this has been described following a variety of oxygen delivery methods in many patients [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . Direct insufflation of the stomach is clearly the cause of gastric distension and rupture in cases of unrecognised insertion of airway devices into the oesophagus 22, [35] [36] [37] [38] [39] [40] or inadvertent administration of oxygen into nasogastric tubes 41, 42 . However, gastric rupture can occur even with correctly placed airway devices, and we report on two such cases following oxygen delivery by nasopharyngeal catheter that we have encountered recently. Consent for publication of their case history was obtained from each patient.
Case history 1
An 85-year-old female presented for elective removal of a facial skin lesion. She had a background of hypertension, hypercholesterolaemia, glaucoma and previous appendicectomy but had no past history of gastric pathology. Given the location of the skin lesion, application of a facemask was not possible and a nasopharyngeal catheter was used for supplemental oxygenation during the sedation for her procedure. Oxygen was delivered at 4 l/minute for 20 minutes. Postoperatively, she complained of chest pain, abdominal pain and distension and nausea. She was investigated for possible cardiac causes and was discharged following normal results of cardiac investigations. Her abdominal pain and distension progressively worsened until she eventually re-presented to our institution and was found to have a large amount of free intraperitoneal gas within her abdomen on plain X-ray. She underwent a computed tomography scan, which revealed a posterior gastric perforation, and she promptly underwent exploratory laparotomy. She did not at any stage demonstrate haemodynamic instability. Intraoperatively, a large amount of free gas was noticed to emerge from the peritoneal cavity and a necrotic perforation at the apex of the greater curvature of the stomach was identified ( Figure 1A ). The perforation was 3×4 cm in size and located 5 cm from the oesophagus. It was also associated with two areas of serosal (non-full thickness) tearing in this vicinity ( Figure 1B ). The perforated area was resected and the serosal tear repaired with sutures. Histological examination of the perforation did not reveal any evidence of malignancy, chronic inflammation or Helicobacter pylori infection. She had an uncomplicated postoperative course.
Case history 2
A 68-year-old female presented for routine bronchoscopy for investigation of right middle lobe pneumonia. She had a history of recurrent right-sided pneumonia and rheumatoid arthritis treated with hydroxychloroquine sulphate and a nonsteroidal anti-inflammatory drug. She received procedural sedation during which nasopharyngeal oxygen insufflation at 4 l/minute was used. Bronchoscopy was uncomplicated and her stomach was not entered. Half an hour postoperatively, she started to develop worsening abdominal distension and pain. A plain X-ray and subsequent computed tomography scan revealed large amounts of intraperitoneal free gas, most likely from an upper gastrointestinal source. The patient promptly underwent exploratory laparotomy where a gastric perforation with pneumoperitoneum was confirmed; a torn short gastric vessel was also found. Two 1 cm holes in the wall of the lesser curvature were identified and excised locally with a linear cutting stapler. The histology specimen containing the perforation did not reveal an underlying pathology to explain the rupture. She made an uneventful postoperative recovery.
Discussion
Gastric distension and rupture is a rare risk of nasal or nasopharyngeal catheters, which can sit at a variable length into the nasopharynx and occasionally further. The depth of insertion of nasopharyngeal catheter was not specified in the medical records for either of the reported cases to determine whether this was a contributing factor. However, our normal practice for nasopharyngeal catheter placement is to insert it to a depth that is just proximal to the postero-inferior edge of the soft palate, similar to recommended practice in the literature 43, 44 . One mechanism for gastric rupture is the placement of the nasal or nasopharyngeal catheter at or below the level of cricopharyngeus, leading to direct oxygen insufflation through the oesophagus into the stomach. However, even correctly placed catheters have been reported to cause gastric perforation 30, 32 . The mechanism of gastric distension in these cases is more difficult to understand and it has been suggested that it is the result of either oxygen swallowing or passive suction 30 . It is possible that placement of the nasal catheter adjacent to the oesophageal opening or the oxygen stream impacting the cricopharyngeal ring may stimulate deglutition reflexes resulting in persistent aerophagia 30 . Alternatively, the negative intrathoracic pressure of normal respiration may contribute to the suction of the air-oxygen mix into the oesophagus and stomach 45 . This can be exacerbated by the decrease in the tone in the cricopharyngeus muscle at the oesophageal opening from anaesthetic agents 37 , or the additional increase in negative intrathoracic pressure that occurs with obstructed ventilation.
Oxygen flow rates in our reported cases were only 4 l/ minute and this is sufficient to cause gastric distension and rupture. Therefore, clinicians should not rule out the diagnosis of gastric perforation, even with low oxygen flow rates. More importantly, there must be an adequately patent route for egress of the oxygen delivered, via the nostrils or the oral cavity. In the absence of this, significant pressure from oxygenation can occur over a few minutes regardless of the flow rate. Symptoms and signs that are highly suggestive of gastric rupture include the abrupt onset of chest or abdominal pain and distension following the use of a nasal or nasopharyngeal catheter. In one of our cases, we did not consider gastric rupture as a differential diagnosis initially, because this complication is rare and little known. Patient outcome was not altered in our case, as we subsequently investigated, diagnosed and repaired the gastric rupture. However, it is important for clinicians to be aware of this complication, as early diagnosis is prudent given the potentially lifethreatening nature of this complication. Patients may not exhibit symptoms during or immediately after anaesthesia or sedation. Therefore, clinicians must monitor closely for abdominal distension and cardiorespiratory changes 30 . If the patient remains haemodynamically stable, plain radiography and computed tomography can be performed to confirm the diagnosis prior to emergency laparotomy.
Searching the English literature on PubMed, we identified 17 additional cases of gastric perforation following nasal 25, [27] [28] [29] [30] 32, 34 or nasopharyngeal 23, 24, 26, 31, 33 catheter use (Table 1) . Gastric distension and rupture following the use of these devices occurred across all ages (range 35 to 89 years old). The median age of all patients in this series of case reports was 68 years.
Only two cases reported on the depth of insertion of nasal or nasopharyngeal catheter; one was at 4 to 5 cm 32 and the other at 19 cm 31 . Therefore, it is difficult to ascertain whether misplacement of the nasal or nasopharyngeal catheter was a contributing factor for gastric rupture in the other cases. Similar to our cases, the reported rate of oxygen delivery prior to gastric rupture was only 3 to 4 l/minute in the majority of patients (79%) [25] [26] [27] 30, 33, 34 . Therefore, low oxygen flow rate does not preclude the occurrence of gastric rupture.
The most common symptoms and signs of gastric perforation in this series are the abrupt onset of abdominal pain and distension. Delay in diagnosis and management frequently leads to rapid deterioration, with cardiorespiratory compromise and ensuing death 23, 27, 28, [32] [33] [34] . Immediate needle decompression can be performed 23, 24, 28 and is usually done in dire circumstances to allow survival until definitive laparotomy. In this series, needle decompression was attempted in only three patients, of whom two died before a definitive laparotomy could be performed. The overall mortality rate was high at 53% in this series of cases. Following repair of the perforation, prognosis is improved and most patients survive. Eleven patients survived long enough to undergo emergency laparotomy (58%), of whom nine survived the operation (82%). Without laparotomy and repair of perforation, death followed in all reported cases.
The size of gastric perforation in these cases varied, ranging between 1 and 7 cm (median=4 cm). The size of perforation was similar amongst patients who survived and those who died, indicating that even a small perforation can be lifethreatening. The location of perforation is more likely to be on the lesser curvature (56%) as opposed to greater curvature (17%). Proposed mechanisms contributing to this imbalance include: the fixed lesser curvature is more susceptible to distension forces (as suggested by Key-Aberg 46 , it has a thinner muscular coat 26 and a lack of mucosal folds, causing reduced elasticity 26, 32 ). Other locations of rupture include the anterior wall of the stomach and the gastrooesophageal junction. Eight cases reported the perforation to be located in the proximal part of the stomach. Repair can be performed with either suture or resection techniques with or without the use of an omental patch.
Clinicians should be aware of the risk of gastric rupture from the use of nasal or nasopharyngeal catheter oxygen delivery, as prompt diagnosis and laparotomy are required in this life-threatening condition. To avert such a complication, we recommend avoidance of nasal or nasopharyngeal catheters and the use of alternative oxygen delivery methods such as nasal prongs and facemasks. However, if nasal or nasopharyngeal catheters are used, the depth of insertion should not extend beyond the posteroinferior edge of the soft palate, and the duration of use should be kept to a minimum. We advise against high oxygen flow rates (>3 l/minute), although avoiding higher flows does not completely preclude the occurrence of such a complication. It is more important to ensure free egress of the oxygen delivered to avoid pressurised delivery of oxygen into the naso-or oropharynx. We also recommend palpation of the epigastric region for tenderness and distension at the end of the procedure as a simple manoeuvre to allow early diagnosis of this catastrophic complication.
